Three hundred and eight first and second year university students were asked to read five media reports that described recent scientific research and findings. We instructed the students to interpret and make judgments about the certainty, status, and role of statements identified in the reports, and to assess how much knowledge they had about the general topics of the reports, their interest in the general topics, and their difficulty reading each report. Students' performance on the interpretive tasks mirrored in major detail the performance of a group of high school students studied previously. The university students displayed a certainty bias in their responses to questions regarding truth status, confused cause and correlation, and had difficulty distinguishing explanations of phenomena from the phenomena themselves. The university students' self-assessments of their knowledge, interests, and reading difficulty were able to explain virtually none of the variance in their interpretive performance. In general, the university students had an inflated view of their ability to understand the five media reports. Implications for the development of scientific literacy are discussed.
Introduction
Media reports of science are pervasive and a potentially significant source of current scientific information. 1 They are found commonly in the quality press, tabloids, general interest magazines, magazines that specialize in science reporting, and on the Internet. 2 They are an important source of current science knowledge for people who have completed school and also for members of the scientific community who want to keep abreast of advances outside their areas of research. 3 They can influence what people believe and how they behave. 4 Media reports can influence how people think about science in at least two ways. First, reports can affect the scientific issues people face, because particular scientific topics and issues are elevated or downplayed in the media. 5 Second, the reports define and organize scientific information in certain ways, and that organization can influence people's thoughts. Consequently, media reports potentially can affect the decisions people make about their lives, including choosing a medical treatment, deciding to make a lifestyle change, or adopting an environmental consciousness. 6 Exposure to media reports also can affect more broadly based public deliberation about science-related issues, a process considered by many to be critical to the maintenance of democracy. 7 For example, media reports can affect the degree and manner of participation in public policy debates over fluoridating drinking water, growing genetically modified foods, or building nuclear reactors. Conversely, how people think about science can influence how they interpret media reports.
For all those reasons, science educators have an interest in how media reports of science are written and interpreted. Approximately 85 percent of all college learning involves reading, and texts are central to learning at all levels of education. 8 Moreover, it is widely believed that academically successful students know how to read well. Therefore, first-year university students form an appropriate group to examine for the quality of their interpretations of media reports of science. If this group showed a general tendency towards quality interpretations, then we might postulate that high school and beginning university education play an effective role in preparing non-scientific citizens for life-long learning in science. If they displayed the opposite tendency, then their educations could be implicated also in the explanation of that phenomenon. Furthermore, given that university students are already a select sample of the non-scientific public, we could expect poorer results in the nonscientific public overall, which is a major consumer of science reported in the media. Such a result would raise the specter that communicating science to the public is even more difficult than might have been imagined.
Research on reading media reports extends back at least four decades. Koelsche studied "the principles and vocabulary needed to interpret and understand scientific information appearing in printed news items." 9 He identified 175 basic scientific principles and 693 vocabulary items in nearly 3000 science-related news items appearing over a six-month period in 1962-63. Koelsche said nothing about the task of interpretation and what it might involve, except to imply that interpretive ability would follow from knowing the scientific vocabulary and principles. Wood, Pella, and O'Hearn examined 414 articles appearing in newspapers in a six-month period in 1964-65. 10 Among other conclusions, they determined that an average of 2.4 items of scientific knowledge were prerequisite to reading each article. What seems not to have been considered in this study is that there might be some knowledge of reading per se that also was prerequisite.
Science educators have begun to recognize the value of using media reports as a means for assessing scientific literacy. 11 The general conclusion from the relatively small corpus of work that has been completed in this area is that students experience considerable difficulty interpreting media reports of science. In a series of studies, students in grades 7, 9, and 11, and in the university were asked to evaluate conclusions reported in four fictitious news briefs. 12 For each news brief, students were asked to imagine that the reported conclusion was very important to them and that they needed to determine whether or not it was true, and were asked to generate a list of questions whose answers would help them to decide. Regardless of education level, students focused most of their questions on the theories underlying the reported research and on the methods used to test the theories. Questions about social context, observations, and related research were rare, even though these issues were at least as important as theory and method in evaluating the reports.
We also have conducted a study involving media reports of science. 13 Students nearing completion of high school and enrolled in at least one Grade 12 science course were asked to interpret five news reports about science. These were authentic media reports and were longer than those used by the Bisanz group. Students were asked to interpret various aspects of the pragmatic meaning of the reports that pertained to the goals of the authors and the context of language use. Pragmatic meaning usually is not presented literally in the text and therefore must be inferred by the reader. Three aspects of students' ability to interpret pragmatic meaning were studied: (a) to interpret the degree of certainty with which various statements were expressed, (b) to interpret the scientific status of statements (e.g., cause, observation, method), and (c) to interpret the role of statements in each report's chain of reasoning (e.g., justification for what ought to be done, evidence for other statements made in the report). Overall, students had difficulty interpreting the pragmatic meaning of most statements from all aspects of the task. With regard to interpreting the degree of certainty, students were biased towards truth ascription. That is, statements were interpreted with a degree of certainty higher than they were expressed. As for interpreting the scientific status of statements, a large majority of students recognized observational statements and method statements, but had difficulty interpreting causal claims and statements pertaining to what ought to be done. Interpreting the role of statements in the chain of reasoning was particularly problematic for students. Just more than half of the students recognized statements reporting conclusions based on reasons, whereas statements reporting justifications and evidence were more frequently misidentified. The performance of these students suggests that the science curriculum had not prepared them well to interpret media reports of scientific research.
Our study raised the question whether the level of performance seen is particular to high school students, or whether it reflects more generally citizens' lack of preparedness to interpret media reports of scientific research. Before answering this question, we wanted to make improvements to the assessment instrument, which was deficient in at least two respects: it did not ask an equal number of questions in the three areas of pragmatic meaning (degree of certainty, scientific status, role in scientific reasoning), and did not ask an equal number of questions for each type of statement within each of the three areas. An important aspect of the research reported here covers improvements made to the 1994 assessment instrument.
In addition to shortcomings in instrumentation, our 1994 study did not provide data that might help explain the students' performance. For the study reported here, we attempted to address this issue by collecting from participants certain background data and participants' self-assessments of their background knowledge, interest, and perceived reading difficulty. These variables were chosen for specific reasons. Background knowledge has for more than two decades figured prominently in theories of reading comprehension, including those based on mental schemata, information-processing, and interactive social construction models of reading, and science education has taken seriously the connection between existing knowledge and the acquisition of new knowledge over at least the same timeframe. 14 Extant literature describes how college-level students grasp text and then form beliefs about content in a variety of domains, with history and science being two subjects commonly studied. 15 For instance, Simpson, Nist, and Sharman found that college students' background knowledge about history and history text influenced reading strategy use and text interpretation. 16 Similarly, anomalous background knowledge has been shown to affect deleteriously the acquisition of new knowledge in science. 17 In addition to a resistance to revise anomalous background beliefs, students demonstrate inflexibility in adjusting their strategies to task, text or domain demands. 18 Alexander highlighted the need for research on a more comprehensive model of how knowledge is acquired and used, and, in particular, how background knowledge is used by college students to understand and learn from text. 19 Evidence that there is a resistance to belief change even at the college level suggests that there are numerous variables at play in the comprehension process. 20 Nearly twenty years ago, Baker and Brown concluded that mature readers may have limited metacognitive skills, and that college students often fail to monitor accurately their reading comprehension. 21 These conclusions have been confirmed recently. 22 Findings on the specific role of having an interest in reading are divided. Hidi concluded that interest is key to understanding how students process information and that interesting material seems to provide a mental resource for processing text. 23 Other research on interest level points to facilitative and interfering effects on reader engagement with text. 24 Research by Garner, Alexander, Gillingham, Kulikowich, and Brown shows that interest and domain knowledge play a role in how college students interpreted text. 25 However, there is enough evidence suggesting that interest in its own right is an important factor in the comprehension of expository text, including science text, to warrant exploring its influence further. 26 Finally, reading difficulty is an important variable to choose, because many readers believe that comprehension of a text is equivalent to knowing the individual words. 27 Readers holding this view will tend to underestimate the reading difficulty of a text whose individual words they recognize, because knowing the individual words is only part of what is necessary to comprehend the text as a whole.
The study reported herein and those mentioned previously focus on an aspect of scientific literacy frequently overlooked or underemphasized in the literature, namely, the ability to interpret scientific text. This aspect of scientific literacy is gaining more recognition, because newspapers, magazines, the Internet, and other popular media are seen as important sources for non-scientists to learn about scientific research. 28 Nevertheless, there is a measure of disquiet surrounding the fact that there are so few studies addressing individuals' understanding of media reports of science. 29 For example, even if the documented small proportion of science articles to cite limitations in the research were dramatically increased, there is no guarantee that this change would produce the desired effect of making individuals more circumspect about science. 30 The high school students we studied were particularly inclined to miss the hedges and nuances that were present in the media reports they read. Placing more hedges will not change anything, unless readers interpret them as signals for tentativeness and inconclusiveness.
It has been suggested that during this age of information and technology, learning that takes place outside formal institutions will grow in importance compared to the formal school curriculum. 31 Indeed, Ryder has shown that much of the knowledge needed by citizens in dealing with science-related social issues does not appear in the school science curriculum. 32 Therefore, non-scientists must turn to other sources, such as the media, for the information they desire. This situation creates deeper need for "knowledge about the communication of science," and the extent of that knowledge will determine how nonscientists "are able to engage critically with scientific information and science professionals." 33 It is therefore important to gauge how well formal education prepares people to become effective life-long learners of science in informal settings. 34 
Research questions
With a focus on media reports of science, the questions addressed by this study were: (a) How well do first and second year university students interpret the degree of certainty with which statements are expressed, the scientific status of statements, and the roles of statements in scientific reasoning? (b) What are the students' self-assessments of their knowledge of the reported topics, degree of interest in them, and difficulty in reading the reports? (c) What is the relationship between the students' self-assessments, their educational backgrounds in science, and their interpretive performance?
Method
The study contained a pilot phase and a main data collection phase. In the pilot, the assessment instrument used in the 1994 study with high school students was refined by making revisions, running trials with a small number of students, examining responses to the trials, making further revisions, and developing answer keys. The main data collection phase is described in the following sections.
Participants
Three hundred and eight university students participated, which allowed them to fulfill a course requirement for introductory psychology. Students enrolled for one session of up to two hours. Two sign-up booklets, one for males and one for females, were used to ensure that each sex was represented approximately equally; 156 females and 152 males registered and took part. Participation was restricted to individuals in their first or second year of university and for whom English was their first language.
University students were selected for three reasons. First, university admission generally requires demonstrated academic achievement requiring strong reading ability. Any problems identified in their interpreting media reports would suggest that schooling and university education up to that point left them unprepared to read this particular genre, although a relatively high level of literacy nevertheless could be assumed. Second, an exploration of the development of students' interpretations of media reports from high school to university would contribute to an explanation of students' performance generally. This exploration could begin with a comparison of the results of this study to our 1994 study of high school students. Third, many university students pursue science or science-related study and have much interest in and knowledge of science. Poor performance among these participants would indicate that the combination of high school and beginning university science curriculum does not provide the requisite knowledge to read science reported in the media, even for this more select group. We do not wish to imply that ability to read the popular press is an explicit instructional goal of schooling. However, it is fair to say that a widespread assumption of schooling is that what it teaches is generic in some sense. A main justification for compulsory schooling is its role in producing citizens with applicable literacy and critical thinking skills. There is no more appropriate site of such application than the media.
Instrumentation
The assessment instrument was produced as a booklet. On the cover page, participants were asked to provide the background data described in the following section. The remainder of the booklet contained five media reports of scientific research. At the end of each report Norris et al.: Students' interpretation of media reports of science 127 were three series of questions-interpretive questions, information-location questions, and self-assessment questions-described subsequently.
Background data
Participants were asked for the following information: (a) the number of high school singleterm courses they completed in biology, chemistry, physics, general science, mathematics, computers, and psychology; (b) where and when they graduated from high school; (c) the number of courses completed in the natural and social sciences at the university level; (d) the faculty in which they were enrolled; (e) their major and minor area of study (if decided); and (f) age. These data provided sources for potential explanations of variation in students' responses to the interpretive questions.
Media reports
For the main part of the task, participants were asked to read five reports, averaging 730 words and ranging from 450 to 900 words. 35 Reports of this length can be read for gist in fewer than five minutes, which is important if the assessment is to be kept to a manageable time. Nonetheless, the reports are long enough to contain sufficient information and complexity so that interpreting them is not trivial. The reports described recent scientific research and findings, including research related to debate about whether the universe has an axis, research linking genes to body weight, research showing a positive effect of weighttraining on seniors' health, the discovery of a new species of animal (the only report maintained from the 1994 instrument), and the discovery of ice on one of Jupiter's moons. One report was chosen from a newspaper in a medium-sized city, two from a national newspaper, and two reports from news magazines. All reports were written at a Grade 10 reading level as assessed by the Microsoft Word implementation of the Flesch-Kincaid Grade Level score, which rates text according to a United States grade school level. The scientific technical level varied across reports, but all reports represented a degree of technicality that the authors and editors of the media reports assumed (at least implicitly given the publication outlets) could be understood by the average layperson.
The choice of four replacement media reports effected a number of improvements over the 1994 instrument and maintained the previous instrument's strengths. First, the 1994 instrument contained three reports shorter than the 450 word shortest report in the revision. Longer reports were more appropriate for use with university students and provided more contexts for those readers to use in their interpretations. The increased length also provided more choice for selecting appropriate statements for interpretation. Second, whereas the 1994 instrument contained three applied and two basic science reports, the revised instrument contained two applied and three basic science reports. The greater emphasis on basic science allowed more concentration on our area of primary concern, which was science itself, not its applications. Third, the range of areas of science covered was maintained with the new selections. Topics covered the broad areas of astronomy, biology, chemistry, health science, and physics. Finally, to address better the audience of university students, the degree of technicality of the reports was slightly higher than in the 1994 instrument. On a scale of least, more, and most technical, which we applied in a holistic judgment, the 1994 instrument contained two reports rated least, two rated more, and one rated most. The revised instrument contains one least, three more, and one most.
Interpretive questions and information-location questions
For each report, participants were given 15 interpretive questions (75 questions total). The interpretive questions assessed students' ability to understand (a) the degree of certainty with which statements were expressed in the news reports (certainty questions), (b) the scientific status of statements included in the reports (status questions), and (c) the role of statements in each report's chain of reasoning (role questions). Two responses to each question were sought. First, participants answered each interpretive question by selecting from the response options provided. Second, they responded to an information-location question asking them to indicate in which paragraph they located the information needed to provide their answers (paragraphs were numbered consecutively from the beginning to the end of each report). We hoped that this two-level engagement with the reports would better enable us to assess participants' comprehension, because previous research has shown that readers often are able to locate relevant information in text even when they are unable to interpret that text. 36 Certainty questions. Participants were presented with five statements for each report. For each statement, participants were asked to "judge whether according to the report the statement is (a) true, (b) likely to be true, (c) uncertain of truth status, (d) likely to be false, (e) false." These were the same options provided by the 1994 instrument. Sometimes the statements presented were verbatim transcriptions from the reports; other times the presented statements were deviations from the verbatim text. Deviations involved either casting statements into indicative mood, removing qualifications of truth status, combining information from disparate places in the text, or some combination of two or more of these deviations. Sample statements from the certainty questions are presented in Table 1 . Across the five reports, we attempted to represent equally among the responses keyed as correct each of the five response options, marking another improvement over the 1994 instrument, which was not equally balanced in this manner. The inequalities that remained were due to the unequal availability of statements of the required types within the five reports. Of the 25 statements, six were keyed as true, five as likely to be true, six as uncertain of truth status, four as likely to be false, and four as false.
Status questions. For each news report, participants were presented five statements and were requested for each to "decide whether the statement reports (a) that one thing causes or influences another, (b) that one thing is generally related to another, (c) what was observed, (d) what prompted the scientists to do the research, (e) how the research was done." These options differ somewhat from those in the 1994 instrument. First, the 1994 instrument did not provide the option "that one thing is generally related to another." The inclusion of this choice in the revised instrument allowed us to draw conclusions about students' ability to distinguish causal from correlational statements. This distinction is fundamental to scientific work and to reading scientific text. Second, in the revised instrument, the option "what prompted the scientists to do the research" replaced "what ought to be done" in the previous instrument. Thus, the emphasis changed from interpreting what scientists believed they should do to why they should do it. This change improved the instrument because media reports tend to report the whys more often than the whats, and because the whys are more central to understanding the nature of the research. These changes also resulted in five genuine options, whereas the 1994 instrument included as a fifth option "none of the above."
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Sample statements from the status questions are presented in Uncertain of truth status Resistance training will reduce the risk of heart disease. Now, scientists are focusing on the potential of resistance training to reduce the risk of heart disease.
Likely to be false People with heart disease will push their blood pressure through the roof by lifting weights.
It used to be taboo for people with heart disease to lift weights because it was believed to push their blood pressure through the roof.
False Aging leads to inevitable physical decline.
Aches and pains, a little stiffness. They's just a normal part of aging, right? Not for Edwina Scott. Most people slow down as they age because they lose about a third of their muscle mass by age 80.
In fact, the reason most people slow down as they age is that they lose about a third of their muscle mass by the age of 80.
That one thing is generally related to another
Remarkable gains in elderly, frail and chronically ill nursing home residents occurred after only 10 weeks of weight training.
The authors . . . found remarkable gains in elderly, frail and chronically ill nursing home residents after only 10 weeks of weight training.
What was observed Most elderly weight training participants more than doubled their muscle strength.
Most of the participants-aged 72 to 98-more than doubled their muscle strength.
What prompted the scientists to do the research
The Vu Quang reserve is a lost world that science has never looked at.
It's a lost world that modern science has never before looked at . . . .
How the research was done
Elderly, frail and chronically ill nursing home residents engaged in 10 weeks of weight training.
130 Public Understanding of Science 12 (2) Role questions. For each report, participants were presented a third group of statements and were asked for each statement to "decide whether the statement reports (a) a phenomenon identified and explained in the report, (b) an explanation of a phenomenon, (c) evidence for or against a hypothesis that has been made, (d) a prediction from an idea being tested." Sample statements from the role questions are presented in Table 3 . Of the 25 role questions, six were keyed as a phenomenon identified and explained in the report, six as an explanation of a phenomenon, seven as evidence for or against a hypothesis that has been made, and six as a prediction from an idea being tested. These options provide for assessment of a greater range of roles in scientific reasoning, and include significant roles neglected in the 1994 instrument, such as predicting and explaining. The 1994 instrument provided the option "a justification for what ought to be done." This option was dropped because very few statements in media reports provide such justification. The 1994 instrument's option, "evidence for other statements that are made," was altered to "evidence for or against a hypothesis that has been made." This change accomplished two things: it allowed for evidence going both ways, and by using the word "hypothesis" cast the option more into a scientific terminology. The option, "a conclusion drawn on the basis of reasons," from the 1994 instrument again was cast into the more scientific (though not equivalently meaning), "a prediction from an idea being tested." Finally, the revised instrument included "a phenomenon identified and explained in the report" and "an explanation of a phenomenon," because the distinction between what is being explained and what is doing the explaining is fundamental to interpreting scientific writing. 
Self-assessment questions
After completing the interpretative and information-location questions for each report, participants were asked to indicate how much knowledge they had about the general topic of In fact, the reasons most people slow down as they age is that they lose about a third of their muscle mass by the age of 80.
An explanation for a phenomenon
Fast-twitch fibres-key to muscle strength-tend to disappear if they are not used.
To stay strong, two types of muscle cells . . . must be activated regularly. . . . Fast-twitch fibres-key to muscle strength-click in for brief intervals, only with moderate to strenuous exertion, and they tend to disappear if they are not used.
Evidence for or against a hypothesis that has been made One of the skulls still had maggots crawling in it.
. . . one of the skulls still had maggots crawling in it, indicating it had died recently.
A prediction from an idea being tested Heart patients can achieve significant health benefits from strength training.
Heart patients need supervision initially, he says, perhaps an individual prescription. But they can achieve significant health benefits from strength training, says McCartney.
the report (no knowledge, very little knowledge, some knowledge, or much knowledge) and to explain their choices. Next, they were asked to indicate how much interest they had in the general topic (no interest, very little interest, some interest, or much interest) and to explain their choices. Finally, they were asked to assess how easy or difficult they found the report to read (very easy, easy, about right, difficult, or very difficult). If they chose difficult or very difficult, they were asked to indicate why the article was difficult: (a) you are not familiar with the general topic of the article, (b) the scientific explanations were complicated, (c) you have little or no experience reading newspaper reports of scientific research, (d) the report was not clearly written, or (e) other (please explain). We hoped that by asking students to explain their choices we would acquire additional information that might help account for their performance on the interpretive questions.
Development of keyed responses
For each report, a key was developed to score responses to the three types of interpretive questions and to the information-location questions. Keyed responses were chosen based on consensus among five individuals: two science education professors, one reading education professor, and two graduate research assistants. The group evaluated justifications for choices until unanimous agreement was reached for each question.
Procedure
Participants were tested in groups of up to 30. Each individual was given a booklet as described in the instrumentation section. Individuals were allowed to complete the booklet at their own pace, for a maximum of two hours.
Data coding
Response options to the certainty questions were coded from 1 to 5, with false = 1 and true = 5. Participants' responses to the certainty questions were converted into deviation scores (chosen response minus keyed response) to reflect how much they overestimated (positive deviations) or underestimated (negative deviations) each statement's degree of reported certainty. Deviation scores for each question were averaged across participants to yield mean deviation scores. A positive mean deviation score for a question indicates that participants generally judged the statement to be expressed with more certainty than it was, whereas a negative mean deviation signifies general underestimation of certainty.
Responses to the status, role, and self-assessment questions were treated as categorical data. No additional coding was performed on them.
Results

Instrument characteristics
KR-20 reliabilities were calculated separately for the three groups of questions (25 questions per group across five news reports) and for all questions combined (a total of 75 questions).
Reliabilities for the certainty, status, and role questions were 0.51, 0.60, and 0.54 respectively, which are low but in line with tests of reasoned judgment of the same length. 38 Reliability for all questions combined was 0.75. Experiences with similar tests that elicit judgments that might reasonably vary from situation to situation provide similar levels of KR-20 reliability. 39 
Participant characteristics
The mean age of participants was 18.6 years (range 17 to 22 years). Approximately 44 percent were enrolled in the Faculty of Arts, 36 percent were enrolled in the Faculty of Science, and 20 percent were enrolled in various other faculties. On average, they completed 8.5 terms of science at the high school level (range 1 to 23 terms), including an average of 2.6 terms in chemistry (range 0 to 7 terms), 2.5 terms in biology (range 0 to 7 terms), 2.0 terms in physics (range 0 to 6 terms), and 1.4 terms in general science (range 0 to 3 terms). At the university level, they completed an average of 1.7 courses in the social sciences (range 0 to 7 courses) and 1.6 courses in the natural sciences (range 0 to 7 courses). The social science courses are relevant because scientific research methods are often taught explicitly in these courses. Combining their high school and university courses, participants completed a mean of 11.8 single-term science courses (range = 1 to 32), with 99 percent of participants completing four or more science courses. Table 4 provides data on participants' self-assessments of their knowledge of, interest in, and difficulty reading each media report of science. Except for the report on seniors' weightlifting, more than half of the participants claimed to have no or little knowledge of the topics. Perceived lack of knowledge was particularly acute for the axis of the universe report, for which about 85 percent claimed to have no or little knowledge. However, except for the report on the axis of the universe, few participants went into the reports blindly, because from about 75 percent to 90 percent claimed to have at least a little background knowledge to help them read and interpret the reports.
Self-assessment questions
About 90 percent or more of participants expressed at least a little interest in the topics of the reports, with the exception of the axis of the universe topic. For the latter report, more than 40 percent of students expressed no interest. Thus, for four of the five reports, it may be assumed that participants were motivated to read the reports beyond a superficial level.
At most, about 5 percent of participants claimed that a report was very difficult to read, with the extreme case being the axis of the universe report. Except for the axis of the universe report, more than 50 percent of participants judged the reports easy or very easy to read, and more than 90 percent judged the reports to have a reading difficulty that was at least about right. The exception again was the axis of the universe report, which approximately 45 percent found difficult or very difficult to read. Among participants who reported reading difficulties, lack of familiarity with the topic was a common explanation. Of the individuals who rated the reports on genes and on the universe difficult, about half indicated that the scientific explanation was complicated. Only 10 percent of participants stated that an article was not written clearly, and only 7 percent indicated that they had little or no experience reading media reports of scientific research.
Information-location and interpretive questions
Information-location. As seen in Table 5 , about three quarters of participants selected the keyed paragraph when responding to the information-location questions. This proportion varied within question type by about 20 percent. Between the three types of interpretive questions, the means varied by only 3 percent (Certainty, 74 percent; Status, 76 percent, Role, 73 percent). By itself, this accomplishment cannot be taken as indicative of good interpreting, because, as we said previously, it is known that readers can locate requested information in texts, and even answer what are intended to be comprehension questions using information-location strategies, and not understand the texts at all. 40 In the present study, the students' success at information location stands in contrast to their performance on the interpretive questions, which showed that participants encountered considerable difficulties. Of the 75 interpretative questions included in the entire task, participants gave the keyed response an average of 35.2 times (range 10 to 56). We now turn to examine the results for each type of interpretive question. (2) response an average of 10.24 times (41 percent). They were most accurate at interpreting statements that were keyed true, with 68 percent recognizing these statements as such. Twenty percent of participants correctly identified all six true statements. True statements are the most prevalent sort found in science textbooks, and participants' familiarity with them might explain their better performance on this type of statement than on other statement types. 41 The average deviation score for statements keyed true was -0.55, indicating that, on average, participants interpreted these statements as falling approximately midway between true and likely to be true. The mean deviation score for true statements in this study is more negative than the mean deviation score of -0.26 we reported for the high school students in 1994. 42 Participants had considerable difficulty interpreting statements keyed false. Of the statements keyed false, 42 percent of participants interpreted them as being false. The average deviation score was at +1.60. This deviation score indicates that participants generally rated the expressed certainty over one and one-half levels higher on the scale than what was keyed, approaching uncertain of truth status.
Certainty questions.
Participants had most problems interpreting hedged statements (i.e., likely to be true, uncertain of truth status, likely to be false). Statements keyed likely to be true were interpreted as such by 36 percent of participants; statements uncertain of truth status were interpreted as such by 28 percent of participants; and statements keyed likely to be false were interpreted as such by 25 percent of participants. Participants were equally likely to underestimate as overestimate the certainty with which likely to be true statements were reported, which is what was found in our previous study with high school students. For statements keyed uncertain of truth status and likely to be false, participants tended to assume that the statements were being conveyed with more certainty than they actually were. Average deviation scores for these latter two types of statements were +0.55 and
True
Likely true 
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Overall, the data reveal a bias towards rating statements more towards the true end of the scale than they were reported. The same bias was reported in our study of high school students. Little difference was found among these university students.
Status questions. Of the 25 status questions across the five media reports, participants selected the keyed response an average of 13.4 times (54 percent). As shown in Figure 2 , approximately 80 percent of participants on average interpreted observation statements as being observations. This finding is similar to that reported for the high school students. Furthermore, across the entire task, more than one-third of participants correctly identified all six observation statements. There is a commonality between observation statements, which are normally reported as truths, and other statements reported as true, perhaps explaining the similarity of success on both these categories.
Statements keyed as being about methods were interpreted as such by 68 percent of participants on average, and 26 percent of participants correctly identified all five method statements. The high school students in our previous study were more successful than these university participants at identifying method statements. Perhaps this finding is an artifact of the difference between tasks, because the alternatives included with the status questions in the current study are different from those in the other study. Had these participants been given the alternatives used in the original study, their score for methods statements may have been higher, but we really cannot predict with confidence.
Participants had much difficulty interpreting the other three types of status statements. Only about one-half of participants on average recognized statements that described what prompted researchers to conduct their studies. Interpreting causal and correlational statements was particularly problematic for participants in that only about one-third of the 136 Public Understanding of Science 12 (2) participants identified correctly these statements. When presented with statements keyed as causal, about as many participants interpreted them as being correlational as causal. Similarly, when presented with statements keyed as being correlational, there were almost as many who interpreted them as being causal as correlational. Thus, these two types of relationships appear not to be distinguished in many of these readers' minds.
Role questions. Of the 25 role questions presented across the five media reports, participants selected the keyed response an average of 11.57 times (46 percent). As shown in Figure 3 , statements reporting evidence and predictions were identified by a mean of about 60 percent of participants. We expected better performance on the latter type of statement because five of the six predictive statements included the word "will," which, in our opinion, cues the readers to interpret the statements in reference to the future. However, about onequarter of readers interpreted predictive statements in terms of already collected evidence. That is, they interpreted predictions as being about evidence, the temporal location of which is in the past and present. Perhaps the confusion was between predictions and successful predictions. The latter are recognized after a predicted event occurs, and thus can only be seen in the past or present, but never the future. Successful predictions typically are taken as evidence, and thus the possible source of confusion for students.
Participants found it quite difficult to interpret descriptive statements of phenomena and explanatory statements. 43 These types of statements were identified on average by only about a third of the participants. If one were to ask a group of scientists to describe the essence of science, description of phenomena and explanation would probably be included. Yet, these participants, who have relatively strong backgrounds in science compared to most non-scientists, showed little understanding of these ideas when they were presented in the context of media reports. Gender was unrelated to performance on the interpretive questions taken across the entire 75 questions, taken across the five stories one at a time, and taken across the three interpretive question types one at a time.
Phenomenon
The results reported in the previous sections did not vary much with amount of science education. A regression analysis using number of high school science courses and number of university science courses as predictors of total performance on the certainty, status, and role questions generally showed no relationships between the predictors and the dependent variable. The only exception was in the case of the role questions, where greater number of high school science courses was related to greater performance on the interpretive questions. Although the proportion of variance in the responses to interpretive questions accounted for by high school and university science was largest for the role questions, it was still less than 2 percent.
Students' self-assessments of their knowledge, interests, and reading difficulty were rarely significantly correlated with performance on the interpretive questions. However, knowledge, interests, and reading difficulty within each story section tended to be correlated and frequently were correlated across sections. In order to capture what was common to these self-assessments and to maximize their joint explanatory power, a principal components analysis was conducted of the knowledge, interest, and reading difficulty selfassessments for all five test sections. 44 The composite variable represented by the first principal component was entered into a regression model along with high school and university science education in an effort to predict total performance on the interpretive questions. The overall model was significant (p < .01), but accounted for only 6 percent of the variance in performance on the interpretive questions. The composite self-assessment variable was the strongest of the three predictors, with a standardized coefficient of 0.24. University science was negatively associated with performance on the interpretive questions, having a standardized coefficient of -0.12.
Discussion and conclusions
The motivation for this study derived from a developmental interest in whether university students exhibit more ability than high school students in interpreting media reports of science. The fundamental concern rests with the capacity of non-scientists to engage in lifelong science learning and to enter into public deliberation regarding science-related social issues in a meaningful way. Previous studies had shown high school students' interpretations of media reports of science to have serious shortcomings. We attempted to improve upon previous studies by creating and using more comprehensively and systematically designed instrumentation, and taking account of students' self-assessments of knowledge, interest, and reading difficulty.
The participants had backgrounds in both high school and university science far in excess of the average non-scientist. Thus, their performance might be taken as an upper bound on the performance in similar tasks to be expected from the non-scientific public. With reference to the media reports they were asked to read, and with only the exception of the report on the axis of the universe, participants provided very positive self-assessments of their background knowledge, interest, and reading ability. The participants also performed very well on the information-location questions by providing very accurate identification of 138 Public Understanding of Science 12 (2) the paragraphs in the reports that contained information relevant to answering the interpretive questions they were asked.
Participants performed best on the interpretive questions when identifying observation and method statements and in recognizing evidence and predictions. Nevertheless, on average participants answered correctly fewer than 50 percent of the total number of interpretive questions. They displayed a certainty bias in their responses to questions regarding truth status, confused cause and correlation, and had difficulty distinguishing explanations of phenomena from the phenomena themselves. Overall, these university students performed in almost the same way as the high school students we studied in 1994. Moreover, the university students had completed on average 11.8 single terms of science compared to the high school students who had completed an average of 3.8 single terms of science. On the basis of more advanced scientific study, it seemed reasonable to expect better performance from the university students than from the high school students, but such improvement was not found. Thus, it is not surprising that in the sample studied here, scientific background was not strongly predictive of performance on the interpretive questions. Science education seemed to have very little to do with these important tasks associated with life-long learning of science and democratic citizenship.
Pellechia wonders whether the popular press can hold readers' attention and demonstrate the significance of science while at the same time carefully hedge findings to represent science accurately. Her conjecture seems to be that significance is tightly associated in the non-scientific public's mind with certainty. 45 To slightly modify Dewey's idea of nearly 75 years ago: "The distinctive characteristic of practical activity . . . is the uncertainty which attends it . . . Through [science], however, it has seemed that men might escape from the perils of uncertainty." 46 Dewey diagnosed this desire for certainty as a fundamental flaw in the thinking of his day. Perhaps the non-scientific public is still desiring, and thereby seeing, certainty in science where it does not exist. The press likely is implicated in creating such a view of science in the public's mind, but our findings cast doubt on the hope that more nuanced text would have been interpreted as such by the university students in the study. 47 Perhaps most troubling is that participants in the current study seemed to have an inflated view of their own understanding. Their positive self-assessments of their ease in reading the reports would lead one to expect better performance on the interpretive questions than was witnessed. It is possible that when participants were assessing reading difficulty they used indices such as their ability to decode, that is, to recognize the words, and to locate the information needed to answer the interpretive questions. They indeed proved very able at information location, but perhaps were confused about the differences between being able to recognize words, locate information, and understand in context. Being able to recognize words and to find relevant information in text is not the same as interpreting accurately, as has been argued and demonstrated many times previously. 48 This simple word-recognitionand-information-location view of reading is an incorrect and educationally dangerous view, because it leads people to think they understand when actually they do not. The inflated view of understanding found in this study appears consistent with the findings of Durant, Evans, and Thomas. 49 They found among a random sample of more than 4000 British and American adults that 57 percent thought they were very informed or moderately informed about new scientific discoveries, whereas fewer were able to answer correctly items of an extremely elementary nature testing their knowledge of science.
An arresting feature of students' overconfidence in their reading ability is that they may be more secure in their ability to analyze media reports of science than is warranted. Consequently, they may place more trust in any personal decisions they make based on these Norris et al.: Students' interpretation of media reports of science 139 reports, and their ability to participate in public deliberation about science-related issues may be affected adversely by such overconfidence. Finally, they may be confident that their formal science training has sufficiently prepared them to read and use media reports of science, even though the evidence suggests they are less prepared than they believe to interpret, weigh, and consider information for themselves.
It is reasonable to assume that the university students of this study performed in a manner that accords with how they have been taught. It is widely known that students learn unproductive ways of reading and thinking through the way they are taught, the textbooks they use, the language of their instruction, and what their teachers emphasize. 50 As a result, they develop naive or misconceived notions, or simply no clear notions at all, of what they are to do when they read. 51 Interpretation is an act in which readers must draw upon both text information and their background knowledge. 52 Therefore, the text by itself is not the sole determinant of interpretations of it. How the text is written must influence interpretations, but it cannot be allowed to dominate. On the other hand, readers must not allow their background knowledge to dominate the text and construct implausible interpretations to accord with their own beliefs. 53 What is clear from the evidence presented here is that students interpret most accurately when what they are reading presents either straightforward truths or straightforward falsehoods. When matters are nuanced and grey, their interpretive prowess is not as great. This phenomenon leads us to question their prowess when interpreting straightforwardly true and false claims. Is it prowess, or is it reflex-a reflex developed by exposure to years of science curricula that present science typically as black and white and rarely as grey? We would like to explore this question in future research, because it is possible that the strength in interpreting what is straightforward signals coincidence more so than understanding.
Phillips supplies a possible explanation of the virtual lack of relationship between students' self-assessments of their background knowledge of the topics and their performance on the interpretive questions. 54 Phillips found that background knowledge mattered only in the context of reading proficiency defined by the use of productive reading strategies, that is, strategies that lead to comprehensive and consistent interpretations that give suitable weight to both text information and background knowledge. An example of such a strategy is confirming an immediate prior interpretation, that is, confirming an interpretation of part of a text on the basis of information immediately following it, when that confirmation is justified. Students in her study who used productive reading strategies were able to compensate somewhat for their lack of background knowledge, although the best reading was found in the context of both productive strategies and background knowledge. Phillips studied sixth-grade readers. However, the productive reading strategies used by those children corresponded in large measure to those identified by Collins, Brown, and Larkin in their study of skilled adult readers. 55 Therefore, it is reasonable to surmise that the students studied here lacked productive strategies for reading the type of text found in the media reports of science and, consequently, could not take advantage of the background knowledge they claimed to have. It can be further conjectured that the failure to use productive strategies could be traced to their education, science and otherwise. Such possibilities need to be explored.
A necessary future step in this line of inquiry is to establish a normative base about what is ideally possible in the development of interpretive skills for reading science text. In order to provide this base, expert groups must be studied. Scientists, science educators, science teachers, historians and sociologists of science, and philosophers of science must be asked to interpret the same sorts of text as those used in this study. Their performance would give us a sense of what is possible to achieve in reading science text. The instrument we have used here is sufficiently refined to serve as a benchmark for gathering such evidence, and we invite others to take up this challenge. Performance by the university group we assessed shows no sign of ceiling effects. The instrument has a considerable upper range to accommodate higher ability groups.
Our findings must be placed in the context of the fact that within reading education, comprehension, monitoring, and critical interpretation strategies are not taught to the extent needed. Teachers of all subjects must assume responsibility here. It is unfair to allow university students to proceed under the illusion that they comprehend, to use routines that do not enhance learning, and to fail to be strategic and resourceful in using the background knowledge, interests, and reading ability they do have. Until content educators see themselves also as teachers of reading in their content area, it is unlikely that matters will change in the near future. Dissatisfaction with the current curriculum, with how comprehension and interpretation are taught, and with how students are assessed may need to become more widespread before any substantial changes can be made to how students are taught to read science. For instance, we wonder whether the issues most salient to students in critically evaluating news briefs (scientific theory and method) as reported by the Bisanz team, were the result of overemphasis in science classrooms on scientific process and substantive scientific content. Whatever its cause, the finding is somewhat ironic because it is the theory and method of science that is most technical and inaccessible to critique by non-scientists, in contrast to the social context of research where non-scientists have the most leverage for critique. 56 Because students will use what they are taught in their science classrooms, more curricular emphasis on matters involving social context and related research may prompt students to consider them when reading scientific media reports.
Generally, science textbooks used in high school and early university do not provide information on why researchers do their research, on the histories of research endeavors, on the motivation underlying particular studies, on how scientific questions arise out of the literature or anomalous events, or on the texture and structure of the language used in science. 57 By contrast, scientific media reports often include the history and background to studies, information on the motivation for the reported research, and a variety of textured and structured language. In short, there is a mismatch. If media reports of science are to serve as an effective source of life-long scientific learning and support for public deliberation on science-related social issues, then much change is needed in high school and university science instruction to make this dream a reality. Otherwise, highly educated individuals having, as most of them do, little education specifically in science will help to run the major systems of our society without the benefit of being able to interpret and evaluate simple media reports of the latest scientific developments upon which those systems crucially depend.
